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Abstract 
This work is a complementary part for what we proposed in [1]. In this paper, an undergraduate design experience for 
special purpose 4-bit microprocessor using the skills learned from digital logic design and Microprocessors courses is 
presented. The experience started in [1] by designing the ALU using the hardware printed circuit board and we are 
following it by completing the design by the instruction set architecture and the microprogram code. Our 
microprocessor contains – in addition to the ALU- six registers: A 4-bit accumulator register, Flag register that holds 
only zero (Z) and carry (C)  flags, Program counter register (PC), Memory address register (MAR), Instruction 
register (IR), and Buffer Register. All programs and data are stored in the 1k RAM.  
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1. INTRODUCTION 
A microprocessor is a single integrated circuit (IC) that contains all the functionality of a central 
processing unit (CPU), which is the portion of the computer that processes computer instructions [2]. A 
microprocessor can be seen as the computational engine for a computer. The terms microprocessor and 
CPU are often used interchangeably. One common measurement for a microprocessor is the clock speed, 
which is the speed at which the microprocessor executes instructions measured in Hertz (Hz). A computer 
running at 3.2 GHz (or gigahertz) can execute 3.2 billion instructions per second. Microprocessors also 
perform the instructions in other digital devices, such as mobile phones and stereo equipment. 
Digital logic design and Microprocessors systems are very important subjects and has long been an 
essential part of electrical and computer engineering curriculum all over the world. All digital systems are 
founded on logic design. Logic design transforms algorithms and processes conceived by people into 
computing machines [1, 2]. A grasp of digital logic is crucial to the understanding of other basic elements 
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of digital systems, including microprocessors. The arithmetic logic unit (ALU) is a combinatorial digital 
circuit that performs arithmetic (Add, Subtract, ...) and logical (AND, OR, NOT, ….) operations. The 
central processing unit (CPU) contains three main parts: Control Unit (CU), Registers, arithmetic logic 
unit (ALU). ALU is the heart of the CPU, since it performs arithmetic and logical operations. Most of a 
processor's operations are performed by one or more ALUs. An ALU loads data from input registers, an 
external Control Unit then tells ALU what operation to perform on that data, and then ALU stores its 
result into an output register. The Control Unit is responsible for moving the processed data between the 
registers, ALU and memory. Mathematician John von Neumann proposed ALU concept in 1945, when he 
was working on EDVAC [1, 2]. 
The work in this article has been started in [1] by designing the ALU using the hardware printed board 
and we are following it by completing the design by the instruction set architecture and the microprogram 
code. Our microprocessor contains – in addition to the ALU- six registers: An 4-bit register, Flag register 
that holds only zero (Z) and carry (C)  flags, Program counter register (PC), Memory address register 
(MAR), Instruction register (IR), and Buffer Register. All programs and data are stored in the 1k RAM. 
2. 4-BIT ALU DESIGN - REVISITED 
In [1], we have presented a special purpose initial design of a 4-Bit ALU system that meets desired 
needs. Basic digital design principles such as the information representation and coding methods, base 
conversion, arithmetic and logic of binary and two's complement numbers, Boolean algebra and digital 
logic gates, design of combinational circuits, application of some MSI devices [4] such as MUXes, 
decoders and adders, using Multisim [3] to simulate and verify circuits, using Y-0010/0020 experiment 
sets to verify the modules of the design, and a white board, chips and wires to implement and build the 
system were employed in the analysis,  leading to the initial design of this ALU system. This kind of 
experience serves to enhance the understanding of the various digital logic design concepts and principles.  
 
 
Figure 1: Basic Modules for ALU Design. 
The modules of ALU to be designed in this paper is shown in figure 1. This design has 11 inputs: two 
operands A and B each with four bits and three select bits S2, S1, and S0 to specify which of the eight 
functions that the ALU performs. Also, it has 6 outputs: F (the four bit result), Cout (the carry or borrow 
output), and ZF (Zero Detect) which is set to 1 if all bits in F are 0. The ALU can only perform eight 
functions listed in the following table, table 1, Functions Of ALU. 
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Table 1: Functions of ALU
Function Output
ADD A + B
SUBTRACT A – B
AND A AND B (BITWISE AND)
OR A OR B (BITWISE OR)
NAND A NAND B (BITWISE NAND)
NOR A NOR B (BITWISE NOR)
SetLessThan (SLT) 0001 IF A < B, OTHERWISE 0000
SetGreaterThan (SGT) 0001 IF A > B, OTHERWISE 0000
The final product of this work is shown in figure 2
Figure 2: Hardware Implementation for the ALU
3. PROPOSED PROCESSOR ARCHITECTURE
The proposed system architecture is shown in figure 3 and considers a triple bus architecture in order to 
best exploit the execution time and a block code method is used to design the op-code for the instruction
set which includes 16 different instructions: LDA, STA, ADD, SUB, AND, OR, NND, NOR, SLT, SGT,
CMP, INC, DEC, JC, JZ, HLT). The instructions are shown in table 2.
AALLUU
Micro programed Control Unit
(Muxes, Decoders, Controls and Microcode)
PC
IR
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A
Flags (Z, C)
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Figure 3: Proposed System Architecture
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The design includes several control lines such as: three control lines for PC to clear, increment and 
load PC, two control lines to enable and read/write memory, a control line to load IR with a news 
instruction from memory, and many other lines are all combined into the control unit in addition to the 
selection lines (Muxes connected with ALU, MAR, and PC) and the micro programmed controller  for the 
processor (shown in figure 4). The micro programmed controller  include the control memory to hold the 
microcode (micro-instructions) for the processor's instruction set. 
 
 
 
 
Figure 4: Instruction Decoding Hardware. 
In order to write the microcode for the processor which will be stored in the control memory, the 
instruction execution will involve the following steps:   
x Step 1: Fetch the instruction.  
x Step 2: Decode the instruction to find out the required operation (as in figure 5).  
x Step 3: If the  required operation is  a  halt operation, then  go to  Step 6;  otherwise continue.  
x Step 4: Retrieve the operands and perform the desired operation.  
x Step 5: Go to Step 1.  
x Step 6: Execute an infinite LOOP.      
Table 2: Proposed Instruction Set. 
Format Op-Code Description 
LDA (address) 0H (address)  Load Register A Direct 
STA  (address) 1H (address)  Store Register A Direct 
ADD (address) 2H (address)  Add Register A Direct 
SUB  (address) 3H (address)  Subtract Register A Direct 
AND (address) 4H (address)  AND Register A Direct 
OR    (address) 5H (address)  OR Register A Direct 
NND (address) 6H (address)  NAND Register A Direct 
NOR (address) 7H (address)  NOR Register A Direct 
SLT  (address) 8H (address)  Set register A: 0001 IF A < B, otherwise 0000 
SGT  (address) 9H (address)  Set register A: 0001 IF A > B, OTHERWISE 0000 
JZ     (address) AH (address)  Jump on zero flag set. 
JC     (address) BH (address)  Jump on carry flag set. 
CMA CH  Complement Register A. 
INA DH  Increment Register A. 
DEA EH  Decrement Register A. 
HLT FH   Halt processor. 
 
The MicroCode is a means of implementing a hardware CPU with some assistance from software 
rather than purely in hardware; typically a user cannot tell whether microcoding was used in 
implementing a CPU (although there have been some user-modifiable microcoded CPUs). The microcode 
of the proposed processor contains 72 lines of micro-instructions for the 16 instructions in addition to the 
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fetch and decode steps of instruction execution. The Symbolic Micro program that implements instruction 
set can be written and downloaded to the control memory as the following  (we'll show a part of it only): 
  
 
 
 
4. CONCLUSTIONS AND RECOMMENDATIONS 
Four bit special purpose microprocessor with an instruction set architecture and microcode 
programming is discussed and designed using the hardware modules and the software simulator. The 
design considers 8 different arithmetic and logic operations based on the ALU proposed in  [1]. This paper 
is considered very important for electrical engineering students as an integral part of the design 
requirement using the digital logic and microprocessors design courses. This work is in-progress to be 
designed and implemented as a single chip (or board) microprocessor with full functionality by adding an 
I/O Applications. The work in this paper can be improved by several ways such as: using more enhanced 
hardwired control unit instead of micro programmed control unit, using larger microprocessor' word width 
such as 8-bits, and involving more operations as well as instructions. 
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